Background: The plant, Chrysophyllum albidum is indigenous to Nigeria and its stem-bark has wide application in traditional medicine for the treatment of infections and oxidative stress related diseases. The aim of the study was to isolate the chemical constituents responsible for the antioxidant and antibacterial activity from the stem-bark of the plant in order to justify some of its ethnomedicinal uses.
Introduction
Chrysophyllum albidum G. Don-Holl. (Sapotaceae) is a tree with edible fruits that grows widely throughout tropical West Africa (Iwu, 1993) . Different parts of the plant including the fruits, leaves, root-bark and stem-bark are used for medicinal purposes (Adewusi, 1997 , Adewoye et al., 2010 . A decoction of the leaves is used for diarrhoea and stomach ache while the leaves are used as emollient and for treatment of skin eruptions (Idowu et. al., 2006 , Adewoye et al., 2010 . The cotyledons from the seeds are used in the treatment of vaginal and dermatological infections while the fruit pulp is taken by pregnant women to prevent nausea.in Western Nigeria (Iwu, 1993; Onabanjo et al., 1979) . The stem-bark is used as a remedy for sleeping sickness, yellow fever and malaria (Postma et al., 1996 , Iyamah et al., 2014 . The methanol extract of the seed and root had been reported to exhibit antihistamine and anti-inflammatory activities (Onabanjo et al., 1979) , while the exocarp fruit extract of C. albidum had been shown to demonstrate free radical scavenging activity (Orijajogun et. al., 2013) . The ethanol extract of the root of the C. albidum was also reported to demonstrate antioxidant and antifertility activities (Onyeka et. al., 2012a , Onyeka et. al., 2012b .
The leaves extract had also been reported to show antioxidant and antimicrobial activities (Adebayo et al., 2011, Ajetunmobi and Towolawi 2014) while the methanolic extract of the stem-bark had been reported to exhibit anti-plasmodial activity (Adewoye et al., 2010) . Previous investigation of the chemical constituents of C. albidum showed that the leaves and stems contain, myricetin rhamnoside, β-amyrin acetate and gentisic acid (Iwu, 1993 , Adebayo et al., 2011 . The seed cotyledons are characterized by the rich occurrence of triacylglycerol, glycolipids and phospholipids and had also been shown to be abundant in oleic acid and linoleic acid (Essien et al., 1995) . Stem latex of C. albidum has been found to contain the polymer, 1, 4-polyisoprene (Nwadinigwe, 1988) .
Previous phytochemical study of the seed cotyledons in our laboratory reported the isolation and characterization of three alkaloids: eleagnine (1, 2, 3, 4-tetrahydro-1-methyl-β-carboline); tetrahydro-2-methylharman (1, 2, 3, 4-tetrahydro-1, 2 -dimethyl-β-carboline) and skatole (3-methylindole), all except skatole were found to possess antifungal and antibacterial activities (Idowu et al. 2003) . In our continuing search for antioxidants and antimicrobial agents from natural sources (Adesina et and characterising the constituents responsible for the antioxidant and antibacterial principles from it. We now report the isolation of stigmasterol, epicatechin, epigallocatechin and epicatechin dimer (procyanidin B5), all of which were isolated for the first time from the stem-bark of C. albidum.
Materials and methods

Instruments
Column chromatography (cc) was performed using the Accelerated Gradient Chromatography (AGC), a modification of conventional medium pressure liquid chromatography (Dunstan, 1995) . The equipment for the AGC work station was from Baeckstrom Separo AB, Lidingo, Sweden and used at Department of Chemistry, University of Botswana, Gaborone, Bostwana and Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, Nigeria. The 1 H-NMR spectra were recorded at 300 MHz and 13 C-NMR at 75 MHz respectively, on Bruker Avance DPX 300 spectrometer, the EIMS was done on Finnigan MAT SSQ 7000 Single Quadruple Instrument at 70 eV while the ESI were done on Finnigan LQC Deca and Optical rotation was done on AUTOPOL (R) IV optical rotation meter using methanol and acetone at 20°C while UV spectra were measured in methanol, on a Shimadzu UV-2101PC spectrometer at Department of Chemistry, University of Botswana. Absorbance for antioxidant experiment was measured on spectrophotometer (Pharmacia Biotech Novaspec II) at the Department of Biochemistry, Faculty of Science, Obafemi Awolowo University, Ile-Ife, Nigeria.
Solvents and reagents
Anisaldehyde, Kieselgel 60 (ASTM 230-400 mesh, 0.040-0.063 mm particle size, Merck), quercetin, gallic acid, thiobarbituric acid, sodium dodecyl sulphate, ascorbic acid, sodium nitroprusside, precoated silica gel GF254, (Merck, Germany), vanillin and sulfuric acid were purchased from Sigma -Aldrich. Sephadex LH-20 was purchased from Amersham Pharmacia Biotech (Uppsala, Sweden). Solvents used for extraction and chromatography included hexane, dichloromethane, chloroform, ethyl acetate n-butanol, ethanol and methanol and were redistilled before use.
Collection and preparation of plant extract
The stem-bark of C. albidum was collected at Ede road, Ile-Ife in 
Extraction and Isolation
The dried stem-bark (1.2 kg) was extracted with 80% ethanol in water (3 x 5 L) at room temperature for 72 hours and the pooled extract was concentrated to dryness in vacuo on a rotary evaporator to obtain a crude ethanolic extract (132 g). About 120 g of this was suspended in distilled water and partitioned with ethyl acetate (3 x 500 mL) and n-butanol (3 x 500 mL) successively. The solvent fractions were concentrated to dryness in vacuo on a rotary evaporator to yield the ethyl acetate fraction (26 g) and n-butanol fraction (31 g) respectively. A portion of the ethyl acetate fraction (20 g ) was subjected to separation on silica gel using a gradient of petroleum ether (PE), CHCl3 and MeOH to give six fractions F1-F6. Fraction F2 (300 mg) was further fractionated on silica using a gradient of PE and CHCl3 resulting in four fractions coded F2a-F2d. Fraction F2d (90 mg) was subjected to preparative TLC for purification using PE-chloroform (6:4) solvent system, which afforded 1 (31 mg). Fraction F4 (1.3 g) was dissolved in a minimum amount of CHCl3-MeOH (70:30) solvent mixture and loaded on a Sephadex LH-20 column previously equilibrated with the same solvent mixture and elution was effected isocratically to obtain 2 (280 mg). Fraction F5 (2.2 g) was also dissolved in a minimum amount of CHCl3-MeOH (70:30) solvent mixture and loaded on a Sephadex LH-20 column previously equilibrated with the same solvent mixture and elution was effected isocratically resulting in six fractions, F5a-F5f. Fraction F5e (360 mg) was fractionated on silica gel using a gradient of n-hexane, ethyl acetate and methanol leading to obtain 3 (145 mg). Fraction F6 was loaded on a Sephadex LH-20 column and elution was effected isocratically using CHCl3-MeOH (70:30) thereby resulting in five fractions F6a-F6e. Thereafter, a repeated fractionation of F6e (840 mg) on silica gel using a gradient of PE, CHCl3 and MeOH afforded 4 (71 mg).
Evaluation of antioxidant activity
TLC autography assay was conducted as follows. A small amount of the sample was dissolved in an appropriate organic solvent and spotted on silica gel sheet, dried and developed using a suitable solvent system. The dried plate was sprayed with 0.2% methanolic solution of stable radical DPPH•. The spray reagent was used to confirm the presence of antioxidant spots (Burits and Bucar, 2000) . Quantitative antioxidant assays were done as follows: the hydrogen donating or radical scavenging properties of the isolated compounds, was determined using the stable radical DPPH• as described by Brand-Williams et al., (1995) . All samples were analysed in triplicate and the percentage free radical inhibition was calculated as expressed in the equation below. 
Where
Ao is the absorbance of the negative control (1.0 mL of DPPH solution plus 1.0 mL of methanol); As is the absorbance of the positive control (1.0 mL of DPPH solution plus 1.0 mL of sample solution). The 50% inhibition concentration (IC50) was obtained from a linear regression plots of concentration of each of the test compounds (µM) against the mean percentage of the antioxidant activity (% inhibition) obtained from three replicate assays.
Lipid peroxidation assay
The lipid peroxidation inhibition potential of the isolated compounds was determined using a modified thiobarbituric acid reactive species (TBARS) assay of Ohkowa et al., (1979) as described by Nabasree & Bratati, (2004) . Percent inhibition of lipid peroxidation was calculated as expressed above with DPPH radical scavenging.
Nitric oxide radical inhibition activity
The nitric oxide radical inhibiting activity of the extracts was carried out according to the method of Green et al., (1982) as described by Marcocci et al., (1994) . Percentage inhibition nitric oxide radical formation was calculated as expressed above with DPPH radical scavenging.
Determination of Antibacterial Activity Agar-diffusion method
The antibacterial activities of the test samples (crude/fractions/pure compounds) obtained from the stem-bark of C. albidum and the standard agent (Streptomycin) were determined using the agar diffusion method (Agyare et al., 2013) . Broth cultures (18 hr) of the test organisms; Staphylococcus aureus (NCTC 6571), Escherichia coli (ATCC 25922), Bacillus subtilis (NCTC 8263) and Pseudomonas aeruginosa (ATCC 10145) were used to seed molten nutrient agar and allowed to set. Thereafter, wells (8 mm diameter) were cut out using a sterile cork borer. The test solutions, 20 mg/mL (100 μL), Streptomycin, 1 mg/mL (100 μL) and the solvent, 50% methanol (100 μL), were introduced into each of the wells and allowed to diffuse for 1 hr before incubation at 37 o C for 24 hr. The diameter of the zones of inhibition were measured to the nearest mm.
Determination of minimum inhibitory concentrations (MICs) using the broth microdilution method
The MICs were determined using the broth microdilution method as described by Amsterdam (1996) . Mueller-Hinton broth (100 µL) was dispensed into the wells of a 96-well microtitre plate. 100 µL each of the test samples (20 mg/mL) and the standard agents, ciprofloxacin and streptomycin (1 mg/mL) were added to the first well in each row with adequate mixing. The test sample in each row was serially diluted two-fold to obtain concentration ranges of 10 -0.0390625 mg/mL and 500 -0.9765625 µg/mL for the standard agents. 5 μL of an overnight broth culture (2x10 4 cfu/mL) of the test bacteria was added to each well and the plate was incubated at 37 o C for 24 hr. Each well was examined for the presence or absence of growth by addition of 20 µL of 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) and incubation at 37 o C for 30 min. The MIC is the lowest concentration that prevents the change in colour from yellow to blue-indicating inhibition of growth. The above experiments were performed in triplicate.
Results
The detailed chromatographic separation of the ethyl acetate fraction from the stem-bark of C. albidum led to the isolation of the two main types of chemical constituents viz: a steroid and flavan-3-ol derivatives. The physical and spectroscopic data of the isolated compounds are as recorded below while the structures are as in Figure 1 . Table 1 shows the antioxidant activities of the isolated compounds while Tables 2 and 3 depict the antibacterial activities of various fractions and the isolated compounds respectively. Table 4 shows the minimum inhibitory concentrations (MICs) of various fractions and two isolated compounds against selected typed bacterial strains using the broth microdilution method. -at m/z 577 and was assumed to be a dimeric proanthocyanidin. The presence of the AB coupling system due to H-2 and H-3 at δ 3.94 and 4.60 of the first (upper) monomer unit, the meta-coupled doublets δ 6.03 and 6.09 (each, d, J=2.19 Hz and 2.18 Hz) respectively, one aromatic singlet at δ 5.98 (ring D), and the presence of two ABX systems in the aromatic region (δ 6.73 -7.01) due to rings B and E confirmed the B-type proanthocyanidin dimeric structure. The 13 C-NMR spectrum indicated the presence of two flavan-3-ol units from the signals at δ 72.53 and 66.02 attributable to C-3 in the heterocyclic rings C and F and two carbon signals at δ 76.11 and 78.78 due to the C-2 in the heterocyclic rings C and F respectively. The upper and lower units were determined to be epicatechin from the C-2 and C-3 carbon signals of each unit.
The 13 Cnmr and DEPT NMR spectra showed 30 carbon signals composed of CH2 (1), non-aromatic CH (5), aromatic CH (9), and quaternary carbons (15) . In the HMBC spectrum, particularly diagnostic was the correlation from the proton signal at δ 4.60 attributed to H-4, C-ring of upper monomer which showed cross peaks with δ 106.07, 154.47, 157.03 (C-6, C-5, C-7) of A-ring of lower monomer respectively. The identity of this procyanidin as epicatechin-(4β→6) epicatechin (Procyanidin B5) was confirmed by comparison of its physical and spectra data with those reported in the literature, especially the C-2, C-3, C-4, C-6 and C-8 13 Cnmr signals (Agrawal et al., 1989; Porter et al., 1982) which is isolated for the first time from genus Chrysophyllum.
Antioxidant activities
The antioxidant activities of compounds 1-4 were evaluated using the DPPH, inhibition of lipid peroxidase and nitric oxide radical scavenging assays as IC50 values. Qualitative determination on TLC revealed that all the compounds demonstrated varying antioxidant activity as they rapidly bleached the purple colour background of DPPH on TLC within minutes except for stigmasterol (1) , which had no antioxidant activity. Quantitatively, the results for the three antioxidant test systems for compounds 2, 3 and 4 are reported in Table 1 . In all the three in vitro complementary assays, the isolated compounds expressed their antioxidant effects in a concentrationdependent manner and the antioxidant activities in DPPH parallel those of lipid peroxidation inhibitory and nitric oxide radical scavenging assay. The highest free radical scavenging activity was shown by procyanidin B5 (4) . This is a characteristic that compound 2 lacked.
However, the reduced inhibitory effects of epigallocatechin (3) on lipid peroxidation which was somewhat different (unusually low and marginally lower than that of epicatechin), in contrast to what was observed in DPPH radical scavenging activity where the antiradical activity was significantly high almost comparable with the standard gallic acid used had been attributed to the presence of galloylation which had been reported in literatures to reduce the ability of a molecule to prevent peroxidation (Plumb et al., 1998 , Muselik et al., 2007 .
Antibacterial Activity
The results of the antibacterial activity tests of the crude extract, ethyl acetate, n-butanol and aqueous fractions at 20 mg/mL are as summarised in Table 2 . Solvent partitioning of the crude extract revealed that the n-butanol and ethyl acetate fractions possessed almost equal antibacterial activity while the residues in the mother liquors showed little or no activity against test bacteria. However, the ethyl acetate fraction was active against all the test organisms with Gram-positive bacteria being more susceptible, while crude ethanolic extract, n-butanol and aqueous fractions had no activity against E. coli.
All the isolated compounds, stigmasterol (1), epicatechin (2), epigallocatechin (3) and procyanidin B5 (4) were equally subjected to antibacterial test at 20 mg/mL as shown in Table 3 . However only two of them epicatechin (2) and procyanidin B5 (4) demonstrated inhibitory activity. While epicatechin (2) was active against E. coli and B. subtilis, procyanidin B5 (4) was active against B. subtilis and S. aureus as revealed in Table 3 . The lack of activity in epigallocatechin (3) is in line with published literature that galloyled molecules lack antibacterial activity except when alkylated with long chain aliphatic group such C8 (octanyl) and C10 (decanyl) (Stapleton et al., 2004 , Tsuchiya et al., 1996 .
The ethyl acetate fraction demonstrated a broad spectrum of activities against the selected bacteria and the most promising with an MIC of 156 μg/mL against E. coli and B. subtilis. The MIC of the aqueous fraction was the same (1250 μg/mL) for all the test organisms while the MICs of all the fractions and isolated compounds against P. aeruginosa were the highest (1250 μg/mL). However, the procyanidin B5 isolated from the plant for the first time demonstrated the highest inhibitory activity against E. coli (MIC 156.25 μg/mL), S. aureus (MIC 156.25 μg/mL), P. aeruginosa (MIC 625 μg/mL) and B. subtilis (MIC 156.25 μg/mL) when compared with crude and other fractions as shown in Table 4 . Procyanidin B5 demonstrated activity which was 4 times better against the strains of bacteria tested when compared with the crude. Though, these activities were much lower compared to that observed for the standard, however the moderately good MIC values ranging from 156 to 625 μg/mL exhibited by procyanidin B5 against the tested bacterial strains were noteworthy.
Conclusions
Three of the isolated compounds from C. albidum stem-bark, procyanidin B5 (4), epigallocatechin (3) and epicatechin (2) demonstrated moderate antibacterial and strong free radical scavenging activities, thus justifying some of its ethnomedicinal uses.
